Rice variety, Improved White Ponni is a medium duration crop, but highly susceptible to 26 lodging impacting maximum yield losses. The present investigation aimed to identify early and 27 early semi-dwarf mutants in Improved White Ponni by inducing variations using gamma rays 28 without altering its native grain quality traits. Seeds were treated with various doses of after 29 fixation of the LD 50 value of gamma radiation and reported that most of the traits exhibit 30 variations in the mutants at various levels of irradiation. The selection for earliness and dwarf 31 plant height was imposed in M 2 and it was confirmed by evaluation of M 3 generation. Apart from 32 semi-dwarf early mutants, high tillering habit, narrow rolled leaf, upper albino leaf and grassy 33 stunt and extreme dwarf mutants were also identified. Characterization of mutants using already 34 reported genic and linked microsatellite markers associated with semi-dwarfism and earliness 35 resulted that PIC value ranges between 0.037 and 0.949 with an average of 0.382. Single marker 36 analysis revealed that RM302 and RM310 on chromosome 1 and 8 had exhibited an association 37 with the traits plant height, culm and internodal lengths. Of these gene-specific markers, 38 GA20Oxi_1 and GA20Oxi_2 have shown polymorphism among mutants. GA20Oxi_2 showed 39 null alleles in the dwarf mutants and this clearly emphasized that there are some base deletions 40 exists in the region of exon 2 of sd1 region. GA 3 response study shown that identified mutants 41 were GA 3 responsive except IWP 11-2, IWP 48-2, IWP 50-11 and IWP 33-2 which showed very 42 low responsive. Agar plate assay revealed that, IWP 50-11, IWP 33-2, IWP 43-1, IWP 47-2 and 43 IWP 18-1 had low production of α-amylase. Scanning electron microscope examination on 44 confirmed mutants exhibited larger cell size and a lesser number of cells per unit area than the 45 wild-type which shows that these mutants are defective in GA mediated pathway. 46 47 3 48 Introduction 49
PCR amplification and Electrophoresis

146
A set of 55 microsatellite markers associated with semi-dwarfism and earliness were used 147 to characterize mutants in the M 3 generation ( Table 1) . The PCR amplification was carried out 148 using thermal cycler (Applied Biosystems/BioRad) and amplified products were separated by 149 agarose gel matrix (1.5%) containing 1X Tris-Borate EDTA and electrophoresed at 80 volts for 2 150 hours and visualized with the help of gel documentation system (BioRad).
Statistical analysis 152
The estimation of mean, analysis of variance and standard error of the traits were worked 153 out by adopting the standard methods (Panse and Sukhatme, 1961) . Analysis of phenotypic, 154 genotypic variances and heritability was formulated by Lush (1940) , variability parameters like 155 PCV and GCV was determined by theformula given by Burton (1952) . Estimation of genetic 156 advance and correlation coefficient among the studied traits was given by Johnson et al. (1955) .
157 Polymorphism information content (PIC) value of each SSR marker was estimated by using 158 marker scoring data (Anderson et al. 1993 365 the mutants namely IWP 50-11 and IWP 33-2 showed there is no α -amylase production which 366 indicated that these two mutants were related to the GA pathway ( Fig 6) . The other mutants viz., 367 IWP 43-1, IWP 47-2 and IWP 18-1 exhibited α -amylase production was significantly 368 decreased when compared to wild type. The mutants IWP 59-1, IWP D-1, IWP E-3 and IWP E-4 369 were produced more α -amylase than wild-type.
370 Study on cell arrangement pattern in unique mutants of Improved White Ponni
371
Internodal regions of dwarf and early mutants and leaf sections of identified 372 (IWP 59-1) and of Improved White Ponni along with wild-type were subjected to observe under 373 scanning electron microscope to study the pattern of internal cell arrangements. Cell patterning 374 differences were observed and revealed that the semi-dwarf mutant of White Ponni exhibited 375 larger cell size and less number of cells arrangement per unit area than the wild type ( Fig 7) . Reddi and Rao (1988) , who reported that reduction on mutagen's effectiveness were 406 higher with increase in their dosage and our study also reported the same. Apart from estimating the 407 mutagen efficacy and efficiency, chlorophyll and viable mutation frequency estimation become 408 useful for selecting the suitable mutagen in crop breeding (Nilan et al., 1965) .
409
The viable mutations isolated in the study showed changes in major traits which could be 410 utilized in the future breeding programme where reshuffling of traits may be tried by 19 411 conventional breeding methods. However, most of the morphological mutants identified in M 2 412 generation failed to inherit in M 3 generation. According to the statements of Luo et al. (2012) , 413 these characters may be controlled by recessive genes or are susceptible to the environment.
414 Moreover, whatever the changes occurred in the plants due to mutation is an error according to 415 the plant's geometry. They tend to rectify it in due course through recombinational events. That 416 is why most of the observed mutants were not inherited in future generations. Thus, evolving a 417 new phenotype with consistent expression through mutation is a chance event rather than a 418 choice.
Induced variability on quantitative traits in M 2 and M 3 generations 420
In the present investigation, comparison on means and variances (phenotypic and 421 genotypic) of various quantitative traits including the quality parameters in M 2 and M 3 422 generations indicated a considerable shift in mean and variability in the treatments and this could 423 be because of recombination happened in the M 1 plants. Siddiqui and Singh (2010) , who found 424 out that the variability may increase significantly with respect to increase or decrease in the mean 425 values of the trait studied. Our results were also accorded with earlier reports and this may be 426 expected due to the reason that, recombinational events due to mutation creates more variations in 427 the living systems (Johnston, 2001) .
428
The rate at which different mutations occurring at a specified stage is mutation rate and 456 (Kishor et al., 2008; Yadav et al., 2010) . These two parameters (h 2 and GA) was a trustworthy 457 real estimate ifor selection than heritability alone. Conversely, it is not essential criteria that a 458 trait conveying high heritability will also display high genetic advance. This is because; the 459 heritability calculation leads to estimation errors and largely depends on genotype-environment 460 interactions. Estimation of the coefficient of variation specifies only the available variability of 461 the particular trait and it does not provide any information about heritability.
462
Genetic parameters for different quantitative traits were estimated and most of the traits 469 quality traits studied, most of the traits exhibited higher variation among the mutants and some of 470 the putative mutants had on par quality with the wildtype. The results were accorded with the 471 findings of Siddiqui and Sanjeeva (2010) and Subbaiah (2011) . In this study, major emphasis and 472 attention were given to the selection of dwarf and early mutants, which determines crops per year 473 and adaptation towards maximizing the yield over seasonal and regional specification. The 474 identified semi-dwarf and early mutants had shown approximately 35 to 45 per cent reduction in 475 plant height and 4 to 33 days earlier in duration than wildtype.
476
The magnitude of association of component traits assists the plant breeder to improve the 477 yield and other important traits. Among the biometric traits studied, the traits panicle length and 478 4 th internodal length had a significant positive relationship with grain yield as reported as well
